2 ) in a sample of 482 nuclear families segregating extreme obesity and normal weight. MEASUREMENTS: Individual BMI, history of depression treatment and covariates (age, sex, race, education, marital status, socioeconomic status, chronic medical conditions and exercise program). RESULTS: Greater odds for depression were found for the obese, European American, women, the unmarried, the more educated, those with chronic physical disorder(s) and the offspring of depressed parents. A trend test found that the odds ratios for depression increased with BMI and number of chronic medical conditions (Po0.0001). Multivariate logistic regression analyses indicated that BMI, race, marital status, chronic medical conditions and family history were the predicators of depression for both the genders. Hierarchical analyses revealed that BMI significantly increased the risk above that predicated by the combined effects of all other variables. CONCLUSIONS: Extreme obesity was associated with the increased risk for depression across gender and racial groups, even after controlling for chronic physical disease, familial depression and demographic risk factors. More detailed research is needed to determine the underlying mechanisms.
Introduction
The prevalence of obesity has been rapidly increasing in both children and adults during the past 2 decades. [1] [2] [3] [4] Although it is documented that obesity contributes to a variety of physical illness, such as hypertension, coronary heart disease and diabetes mellitus, 5, 6 much less is known about the possible links of obesity to mental disorders. It is commonly believed that obese people experience more psychological distress that may lead to depression. However, existing information on the relationship between obesity and depression is inconsistent. Some studies reported that obese people were at elevated risk for depression. [7] [8] [9] [10] [11] Others found that heavier people were less depressed, [12] [13] [14] [15] especially middle-aged men. There were several reports indicating no effect of obesity on the risk of depression. [16] [17] [18] Some surveys revealed that the association might be sex-specific. [19] [20] [21] The discrepancies may be due in part to the differences in the levels of obesity, differences between clinical and epidemiological samples, inconsistent control of covariates such as sex, socioeconomic status and race, and differences among various subgroups in levels of obesity. Furthermore, although reports suggest that depression is a strongly familial condition, 22 studies involving obese individuals generally have not examined the role of family history of depression. More independent studies are needed to clarify the role of obesity in the risk for depression. This report examines the relationship between obesity and depression in a national sample of 482 nuclear families segregating extreme obesity and normal weight.
Methods

Subjects
Subjects consisted of individuals from families ascertained nationwide over a 10-y period beginning in 1992 to participate in ongoing genetic studies of obesity at the University of Pennsylvania. The recruitment process has been described previously. 23 
BMI
Trained research personnel measured height and weight when they interviewed the subjects. BMI was computed by dividing weight in kilograms by the square of height in meters (kg/m 2 ). As sample size (n ¼ 11) was very small for the underweight category (BMIo18.5 kg/m 2 ) and the purpose of the study was to examine the association between depression and obesity, we divided subjects into four groups according to BMI (o27, 27-o30, 30-o40 and X40 kg/m 2 ) and defined obese as BMIX30 kg/m 2 . We also used continuous BMI values in multivariate analyses.
Questionnaire
The questionnaire was structured and designed to collect information about the subject's sociodemographic characteristics (race, sex, age, marital status, residence, occupation, education, exercise program), and history of physical medical conditions (autoimmune endocrine diseases, heart trouble, hypertension, renal disease, diabetes, stroke, hyperlipidemia, neurological disease, cancer) and mental health conditions (depression, eating disorders, nervous anxiety, nervous breakdown, nervous fears and suicide attempt). The age was categorized as o30, 30-o45, X45 y. Educational attainment was dichotomized as o12 years or X12 years. Marital status also was dichotomized as married vs other (divorced, separated, widowed, never married). Socioeconomic status was grouped as high (white collar, professional and business owner) and low (blue collar, unemployed, welfare). The occurrence of chronic physical disorders was based on the available medical records. Mental health questions were assessed based on a checklist. Subjects were questioned as to whether a condition had ever occurred and whether the treatment was received for the condition. A subject was considered to be depressed, if they answered a history of depression and had undergone treatment for depression. For obese probands and their siblings, family history of depression depended on status of parental treatment for depression.
Validity of assessment of depression by questionnaire
In all, 40 subjects (25 with reported treated depression and 15 without reported depression by questionnaire assessment) were selected for a validation study. A psychiatrist (LES) from the Department of Psychiatry at the University of Pennsylvania independently diagnosed subjects utilizing a Structured Clinical Interview derived from the mood disorders section of the forth version of the Diagnostic and Statistical Manual of Mental Disorders (SCID). The interview was conducted on telephone. The psychiatrist was blind to questionnaire information regarding previous diagnosis or treatment for depression. According to SCID diagnosis, the sensitivity and specificity of questionnaire assessment were 92% (23/25) and 87% (13/15), respectively. These data support the validity of questionnaire assessment (Table 1) .
Statistical analyses
We used the statistical package SAS (version 8.02) for all statistical analyses. Separate bivariate logistic regression models were used to estimate the crude odds ratios of depression by all the risk factors investigated. A full multivariate logistic regression model was used to calculate the adjusted odds ratios of depression by including all the risk factors. For the risk factors with three or more categories, Cochran-Armitage trend test was used to detect the trend. We performed hierarchical logistic regression analysis in the subgroups to assess the effect of BMI on a model including all other significant predicators. A likelihood ratio w 2 (À2(ln L1-ln L2)) test was employed to assess the statistical significance. Depression and obesity C Dong et al exception of educational attainment, almost all associations observed by bivariate analyses remained statistically significant except for socioeconomic status. We also tested for a possible interaction between the family history of depression and obesity in the individual as a way to evaluate possible gene-environment or gene-gene interactions. Neither the full model nor a model with only BMI and family history produced a statistically significant result (results not shown). Table 3 reports the effect of BMI on the model including all other significant predicators (95% CI for adjusted odds ratio did not include 1 in Table 2 ) based on hierarchical logistic regression analyses within different subgroups of obese probands and their siblings. Depression was positively associated with BMI with an overall OR of 1.81 (Po0.0001) for a 20-unit increment in BMI. To control the effects of race and gender, we reran the analyses within the different subgroups. Similar findings were found across the subgroups. The corresponding odds ratios for a 20-unit increment in BMI were 1.58 for all females (P ¼ 0.0001), 2.65 for all males (P ¼ 0.0057), 1.64 for European Americans (Po0.0001) and 2.19 African Americans (P ¼ 0.0394).
Hierarchical logistic regression analyses
Relationship between depression and BMI among siblings without chronic physical disorders and parental depression Table 4 reports on the relationship between the depression and BMI in siblings without a history of chronic physical disease and parental depression adjusting for the effects of marital status, educational attainment, race and sex if applicable. The results showed that there was a positive association of depression with BMI across the gender and racial groups, although some observed associations were not statistically significant because of the decreased sample size.
Discussion
Since both obesity and depression are increasingly prevalent and associated with hypertension, coronary heart disease, diabetes mellitus, as well as increased risk for mortality, 1,2,4,25-31 a conceivable link between these two disorders has been postulated and may be a relevant consideration in Depression and obesity C Dong et al public health. To date, reports of cross-sectional, longitudinal and intervention studies using community or clinic-based samples have been inconsistent. Our current study provides a support for an association between the obesity and depression.
In both bivariate and multivariate analyses, we found that obesity was positively associated with depression. The observed associations between these two disorders were comparable in magnitude with those reported in several community-based studies. 7, 8, 20 In the present study, the effects of some putative correlates of depression, such as sex, race, marital status, education attainment, chronic physical problems and family history, were also demonstrated.
To examine whether the obesity-depression relationship differed across gender and racial groups, [19] [20] [21] we performed hierarchical logistic regression analyses within subsets of the sample. We examined the association by adjusting other factors with a significant effect on depression, mainly marital status, education, chronic physical diseases and familial depression. Our results (Tables 3 and 4) indicated that the relationship between obesity and depression differed little for men and women or European-American and African-American samples, although the association in some subgroups did not reach statistical significance. We also examined the effects of gender and race on the association between depression and obesity by incorporating BMI by sex, BMI by race and BMI by sex by race interaction terms in the multivariate analyses. None was statistically significant.
That family history of depression should be a risk factor for depression in obese individuals is well established, and our results are consistent with that relationship. Depression is a familial trait and predicted depression in our sample. However, there was no interaction between the family history and individual's BMI, suggesting that genetic factors related to the depression appear not to interact with obesity in their influence on depression. Moreover, a substantial portion of the obesity-depression association is independent of any familial predisposition to depression.
Since a history of chronic physical problems was one of the strongest correlates of depression across most subgroups, we excluded siblings with a history of chronic physical disorder and parental depression within the subgroups. A similar association pattern (positive association, see Table 4 ) held across all the subgroups, although statistical significance was not reached in some subsets due to small sample size. Chronic physical illness, as suggested in many studies, may be a mediator between obesity and depression. However, our data did not find diminished associations among the siblings without a history of chronic illness. The consistency of this pattern suggests that chronic illness is not the only pathway linking obesity to depression.
A major difference between the current and previous studies is in the level of obesity. The subjects were recruited from the families ascertained through extremely obese probands (BMIX40 kg/m 2 ) with a mean BMI of approximately 50 kg/m 2 . As recently suggested by Onyike et al (2003) , the association between obesity and depression may be limited primarily to the individuals with extreme obesity. 32 Severity of obesity may in part account for the failure to find an association between obesity and depression in men in some studies, since the prevalence of severe obesity is much lower in men than in women. Although some studies reported patterns of association between obesity and depression that differed across genders or racial groups, our results indicated positive covariation between extreme obesity and depression across the two genders and racial groups. The larger proportion of extremely obese individuals, many with medical problems, may in part account for the consistent positive associations in our samples.
Our results documented a moderate, but comparable to other studies, magnitude of association between elevated levels of relative body weight (BMI) and depression. The somewhat reduced effect in our sample could be due to unidentified depression in obese individuals. We selected a self-report of depression treatment rather than self-reported depression alone to ensure the validity of the diagnoses. Based on our validation study, any misclassification should lead to underestimates of depression and lower odds ratios. For this reason, any bias should be conservative with respect to an obesity-depression association.
In summary, our results show that obesity increased the risk for depression across races and genders, even after controlling for chronic physical disease, familial depression and demographic risk factors. More detailed research is Depression and obesity C Dong et al needed to fully characterize the relationship between obesity and depression. The psychosocial, biological and genetic factors that underlie this association are unknown. Additional studies incorporating genetically informative designs as well as demographic, societal, environmental, behavioral and cognitive factors will be needed.
